In this work, the dynamics of a system of mutually coupled Generalized Lorenz systems (GLS) is investigated. The state variables of two Lorenz oscillators are coupled mutually via non-linear controls and synchronization is achieved between the state variables. We find that by suitably controlling a parameter having a bearing on the coupling coefficient between the two Lorenz oscillators, the GLS, while preserving synchronization is rendered to a state wherein chaotic nature of state variables is suppressed and state variables exhibit oscillatory character. The suppression of chaos is verified by power spectra, permutation entropy and Lyapunov exponent calculations. When operated in chaotic domain, we show the possibility of transition from the state of synchronization to the state of antisynchronization.
Introduction
A great deal of research had been carried out on chaos synchronization and control of chaos in various systems due to their applicability in multiple disciplines of research and applications [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . The dynamical behavior of any chaotic system is known to be dependent sensitively on the initial values and the attractors and phase portraits are invariant when the control parameters are fixed.
Later studies have revealed that certain nonlinear dynamical systems can be switched between chaotic to periodic attractors by certain control methods. In other words, the chaos could be controlled. Two broad categories of chaos control are feedback method and non feedback methods. Examples of feedback methods
System Description
We consider two Lorenz oscillators and they are mutually coupled via non-linear controls [26] . Lorenz oscillator -1 (LO-1) is described by the system of following equations:
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We take (σ 1 ,σ 2 ,σ 3 )=σ , As per (7), adding (5) and (6), we get,
In order to study the stability of (E 1 , E 2 , E 3 )=(0, 0, 0), the system of equations in (8) are linearized as follows,
We perform Lyapunov stability analysis and is as follows:
Consider the following Lyapunov function:
In matrix form, the above equation can be written as,
Where,
To ensure that the origin of the error system is asymptotically stable, we let the matrix Q be positive definite. This is the case if and only if the following three conditions hold: 
SUPPRESSION OF CHAOS
Lorenz oscillators LO-1 and LO-2 are coupled to each other as defined in
equations (1) We calculated the largest Lyapunov exponent [27] [28] [29] so as to quantify the chaotic nature of oscillators. For this we consider two nearby trajectories obtained from the time series data, with their initial amplitudes (x) being close to each other at times say t i and t j . Now, we consider the sequence of oscillator evolution of the state variable at times t i ,t i+1 ,t i+2 ,… and t j ,t j+1 ,t j+2 ,…and we find the divergence of figure 5 . It is observed, from Figure 5 , that, as the value of scale factor is increased, the value of PE reduces from 1 to 0, which denotes that the intrinsic chaos of the oscillators is getting suppressed and the system has begun to oscillate in the relaxation oscillation regime. In the evolution of error variables, we showed using the Lyapunov stability analysis, the point (E 1 , E 2 , E 3 ) = (0,0,0 ) is stable. This stability is necessary for achieving synchronization between the two systems. In the next section, we present our numerical findings on the character of synchronization of state variables under parametric control.
Co-existence of Synchronization and antisynchronization
The dynamics of all the three state variables are considered for this study. We vary the parameter σ of the control functions between 0 and 1 and seek for possible states of synchronization. In Figure 6 (a-f), we present the temporal evolution of error dynamics (defined by equation 4) along with the temporal evolution of state variables in the inset. The corresponding synchronization plots are shown in figure 6(g-l) . It can be seen that all the three error variables asymptotically goes to zero. This is in agreement with the result of Lyapunov stability analysis of section 2, where we showed that (E 1 ,E 2 ,E 3 )=(0,0,0) is stable.
For σ = 0.0, the error function evolution for the first, second and third state variables are shown in figure 6 (a), 6(b) and 6(c) respectively. We have kept the scale factor to be 0.07 for this study. The corresponding inset shows the temporal evolution of the state variables. and y 3 changes such that they exhibit anti-synchronization [33] [34] [35] [36] [37] , as is evident from figure 6(l). Cross-correlation analysis between the state variables x 3 and y 3 has been carried out for different values of sigma (σ) and the results are shows in figure 8 .
From the plots we observe that for values of σ , resulting in positive slope synchronization, the maximum of cross-correlation is at zero delay. But crosscorrelation is a minimum for the cases corresponding to negative sloped synchronization plots as shown in Figure 8 . Thus the cross-correlation plots affirm the transition of the nature of synchronization from synchronization to antisynchronization.
CONCLUSION
Two Lorenz oscillators are coupled mutually via non-linear control functions. The temporal evolution of the state variables is studied and their synchronization properties are investigated. The strength of coupling, as controlled by a scale factor, is varied (increased) which is found to result in a reduction in the complexity of chaotic dynamics while preserving synchronization. Thus we are able to suppress chaos which preserving synchronization between mutually coupled Lorenz oscillators. The chaos suppression is validated by obtaining the power spectra, Lyapunov exponents and permutation entropy. We also show the possibility of transition from synchronization to anti-synchronization of a state variable by way of parametric control.
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